B decays to open and hidden charm at Belle by Drutskoy, A.
ar
X
iv
:h
ep
-e
x/
04
11
03
5v
1 
 9
 N
ov
 2
00
4
For Publisher’s use
UCHEP-04-04
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345 College Court, Cincinnati, OH 45221, USA
The recent Belle collaboration measurements of B decays to open and hidden charm are discussed.
Color-suppressed decay branching fractions are measured with an improved accuracy. The branching
fractions of the B¯0 → D+s K
− and B¯0 → D−s pi
+ decays, measured with improved accuracy, and
B¯0 → D+
sJ
K− and B¯0 → D−
sJ
pi+ decays, measured for the first time, are compared. The two-body
invariant masses of the three-body B0 → D(∗)0pi+pi− and B0 → J/Ψpi+pi− decays are studied.
1 Results
1.1 Color-suppressed B¯0 → D0pi0(/ω/η)
and B¯0 → D(∗)0η′ decays
The weak decays B¯0 → D(∗)0h0, where h0
represents a light neutral meson, are usually
described by a “color-suppressed” diagram as
shown in Fig.1.
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Figure 1. Color-suppressed diagram for the
decay B¯0 → D(∗)0pi0.
Within “na¨ive” factorization models 1,2,
the color-matching requirement
leads to branching fractions in the range
(0.3-1.7)×10−4. However previous measure-
ments by the CLEO 3 , Belle 4 and BaBar 5
collaborations were substantially shifted to
the larger values (2-4)×10−4. The new Belle
measurements are based on a larger data
sample of 140 fb−1. This corresponds to a
seven-fold increase over the previous Belle
measurement and almost twice that of the
earlier BaBar measurement. With increased
statistics a more detailed study of continuum
and BB¯ related backgrounds was done, re-
ducing systematic uncertainties.
The Belle measurements of these branch-
ing fractions for each decay mode is shown in
Table 1.
Table 1. B branching fractions for color-suppressed
decays.
Decay mode Br. Fraction (×10−4)
B¯0 → D0pi0 2.31 ± 0.12 ± 0.23
B¯0 → D0η(γγ) 1.77 ± 0.18 ± 0.20
B¯0 → D0η(pi0pipi) 1.89 ± 0.29 ± 0.20
B¯0 → D0η 1.83 ± 0.15 ± 0.27
B¯0 → D0ω(pi0pipi) 2.25 ± 0.21 ± 0.28
B¯0 → D0η′ 1.17 ± 0.20 +0.10
−0.14
B¯0 → D∗0η′ 1.23 ± 0.34 ± 0.21
These branching fractions are about
one-two standard deviations lower than the
BaBar measurements but higher than early
predictions within factorization models. The
latter discrepancy may be explained by ad-
ditional contributions from final state rescat-
tering or non-factorisable diagrams.
1.2 Improved measurement of
B¯0 → D+s K
− and B¯0 → D−s pi
+
decays and first study of
B¯0 → D+sJK
− and B¯0 → D−sJpi
+
decays
The decays B¯0 → D+s(J)K
− are of special
interest because the quark content of the
initial B¯0 meson (bd¯) is completely differ-
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Figure 2. Diagrams describing B0 → D+
sJ
K− decay.
ent from that of the D+s(J)K
− final state
(css¯u¯), indicating an unusual configuration
with both initial quarks involved in the weak
decay. Branching fractions with the D+s me-
son B(B¯0 → D+s K
−) = (4.6+1.2
−1.1 ± 1.3) · 10
−5
and (3.2±1.0±1.0)·10−5 have been measured
by the Belle 6 and BaBar 7 collaborations,
respectively. Predictions of this branching
fraction have been obtained assuming a dom-
inant contribution from a PQCD factoriza-
tion W exchange process 8,9 (Fig. 2a) or, al-
ternatively, from final state interactions 10,11
(Fig. 2b), and range from a few units of 10−6
to 10−4. If the DsJ mesons have a four-
quark component then the tree diagram with
ss¯ pair creation (shown in Fig. 2c) may also
contribute.
The decay mode B¯0 → D−s(J)pi
+ can be
described by a “b to u” tree diagram. Within
the factorization approach12 the branch-
ing fraction ratio Rpi+/D+ = B(B¯
0 →
D−s pi
+)/B(B¯0 → D−s D
+) is predicted to be
(0.424 ± 0.041) · |Vub/Vcb|
2 and can be used
to obtain the ratio of Cabbibo-Kobayashi-
Maskawa matrix elements |Vub/Vcb|.
The B decay channels with the pseu-
doscalar Ds meson were studied using 253
fb−1 of data (275×106BB¯ pairs), whereas
channels with the DsJ were studied using
140 fb−1 of data (152×106 BB¯ pairs). D+s
mesons are reconstructed in the φpi+, K∗0K+
and K0SK
+ decay channels. DsJ mesons are
reconstructed in the D∗sJ(2317)
+ → D+s pi
0
and DsJ (2460)
+ → D+s γ decay modes.
TheDs mass distributions in the B signal
region are shown in Fig. 3. The points are
experimental data and the curves display the
fit results. In addition to clear signals at the
D+s mass in Fig. 3, the D
+ mass peak (D+
decays in the same final states) is also seen.
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Figure 3. M(Ds) spectra for B¯0 → D
+
s K
− (top) and
B¯0 → D−s pi
+ (bottom) in the B signal region.
The branching fractions obtained from
the fits are B(B¯0 → D+s K
−) = (2.93 ±
0.55 ± 0.79) · 10−5 and B(B¯0 → D−s pi
+) =
(1.94±0.47±0.52) ·10−5. These agree within
errors with the previous measurements.
The ∆M(DsJ ) distributions in the B sig-
nal region for various D+sJK
− and D−sJpi
+
combinations are shown in Fig. 4. A clear
B¯0 → D∗sJ(2317)
+K− signal is observed; no
significant signals are observed in the remain-
ing modes.
For the B¯0 → D∗sJ(2317)
+K− decay, the
product branching fraction is measured to be
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Figure 4. The ∆M(DsJ) distributions in the
B signal region for the (a) D∗
sJ
(2317)+K−,
(b) D∗
sJ
(2317)−pi+, (c) DsJ (2460)
+K− and (d)
DsJ (2460)
−pi+ combinations are shown.
B(B¯0 → D∗sJ(2317)
+K−)×B(D∗sJ(2317)
+ →
D+s pi
0) = (5.3+1.5
−1.3 ± 0.7± 1.4) · 10
−5. Recent
measurements imply that the D∗sJ(2317)
+ →
D+s pi
0 channel is dominant and the
DsJ(2460)
+ → D+s γ fraction is around
30%. Taking into account these approxi-
mate values, we can conclude that B(B¯0 →
D∗sJ(2317)
+K−) is of the same order of mag-
nitude as B(B¯0 → D+s K
−), but at least a fac-
tor two larger than the B¯0 → DsJ (2460)
+K−
branching fraction, in contrast to the na¨ıve
expectation that decays with the same spin-
doublet D∗sJ(2317)
+ and DsJ(2460)
+ mesons
would have similar rates. It is interest-
ing to mention, that the ratio of B(B →
D∗sJ(2317)
+D) and B(B → D+s D) decay
branching fractions 13 is approximately 1/10,
indicating to a different behaviours of the
B → DsK and B → DsD processes
14.
1.3 Study of B0 → D(∗)0pi+pi− decays
The three-body B0 → D(∗)0pi+pi− de-
cays were studied with 140 fb−1 of data.
These processes can provide important in-
formation about intermediate two-body res-
onances. The D0pi+ and D∗0pi+ mass distri-
butions are shown in Figs. 5,6. Points are
experimental data, the hatched histogram is
obtained using sideband events and the open
histogram is MC simulation with all interme-
diate resonances included. The masses and
widths of narrow (≤100 MeV/c2) D∗∗ reso-
nances observed are listed in Table 2. These
values are in a good agreement with predic-
tions obtained within potential models 15.
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Figure 5. The D0pi+ mass distribution.
0
20
40
60
80
2 3 4 5
MD*pi (GeV/c2)
Figure 6. The D∗0pi+ mass distribution.
The quasi-two-body B¯0 → D∗∗+pi− fi-
nal state branching fractions were measured
and compared to results obtained by the Belle
collaboration in the studies of the charged
B+ → D(∗)−pi+pi+ decay modes 16. The
branching fractions obtained for the narrow
resonances are similar for the neutral and
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Table 2. Masses and widths of narrow D∗∗ reso-
nances.
Parameter Value, MeV/c2
M(D∗+2 ) 2459.5 ± 2.3 ± 0.7
+4.9
−0.5
Γ(D∗+2 ) 48.9 ± 5.4 ± 4.2 ± 1.9
M(D+1 ) 2428.2 ± 2.9 ± 1.6 ± 0.6
Γ(D+1 ) 34.9 ± 6.6
+4.1
−0.9 ± 4.1
charged B decays.
1.4 Study of B0 → J/Ψpi+pi− decays
The decay B0 → J/Ψρ0 is governed by the
b → cc¯d transition and can exhibit a CP -
violating asymmetry. In contrast to the b →
cc¯s transition, the b → cc¯d process has sub-
stantial contributions from both the tree and
penguin amplitudes, which could lead to dif-
ferent CP asymmetries of these processes.
Thus, B0 → J/Ψρ0 decays play an impor-
tant role in probing non-tree diagram contri-
butions.
The resonant structure of the pi+pi− in-
variant mass spectrum from B0 → J/Ψpi+pi−
decays was studied using 140 fb−1 of data.
Five types of events are considered in the fit
shown in Fig. 7: (i) B0 → J/Ψρ0; (ii) B0 →
J/Ψf2; (iii) B
0 → J/Ψpi+pi− (non-resonant);
(iv) B0 → J/ΨK0S (background) and (v)
combinatorial background. The branching
fractions obtained are B(B0 → J/Ψρ0) =
(2.8±0.3±0.3)×10−5 and B(B0 → J/Ψf2) =
(9.8 ± 3.9 ± 2.0) × 10−6. The statistical sig-
nificance of the latter is 2.9σ, and an up-
per limit is also set: B(B0 → J/Ψf2) <
1.5×10−5 at 90% C.L. An upper limit is also
set on the non-resonant channel: B(B0 →
J/Ψ(pi+pi−)non−res.) < 1.0 × 10
−5 at 90%
C.L.
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